rye grass, mugwort, ragweed and Aspergillus spp. (Bencard Allergy Service, Brentford, Middlesex, U.K.). Most of them were treated with inhaled corticosteroid with short acting 2-agonist inhalers as needed.
No subject was investigated within 4 weeks of an upper respiratory tract infection or an exacerbation of asthma. All the subjects gave their written informed consent. This study was approved by the Ajou University Hospital, Suwon, Korea.
Bronchoprovocation test
Airway hyperresponsiveness to methacholine and L-ASA BPT were performed according to the method described previously (8) . All medications, including theophylline, bronchodilators, and steroids, were stopped 48 hr before the procedure. Pulmonary function was measured with a spirometer, the FEV1 and maximum mid-expiratory flow (MMEF), before and during provocation. Normal saline was inhaled as a placebo solution. The patients were asked to breathe the nebulized aerosol up to their vital capacity 10 times. L-ASA (Young-Jin Co. Seoul, Korea), as a powder containing 1,800 mg of L-ASA with 200 mg of glycine, was made up freshly on each challenge day with 10 mL of normal saline to produce a L-ASA solution containing 180 mg/mL. The L-ASA solutions were delivered by a DeVilbiss 646 nebulizer (DeVilbiss Co., Somerset, Penn., U.S.A.) and connected to a compressed air source (5 L/min). The challenges with placebo were performed seven days before the L-ASA BPT. If there was less than a 10% fluctuation of FEV1 with placebo inhalation, L-ASA BPT from 11.25 up to 180 mg/mL was performed to determine the provocative dose of L-ASA, which induced more than a 20% fall of FEV1. All provocations were carried out at the same time of the day. The FEV1 and MMEF were measured frequently during the first hour, and then hourly for 8 hr. Late asthmatic responses were noted from 240 min and 420 min after L-ASA inhalation.
Measurement of serum neutrophil chemotactic activity
Sera were collected from group I and group II subjects before, 30 min and 240 min after the L-ASA bronchial challenges. Serum NCA was measured using the Boyden chamber method as described in our previous reports (11, 12) . Neutrophils were obtained from heparinized whole blood of AB-type normal volunteers by sedimentation in 6% dextran dextrose solution followed by centrifugation on Ficoll-Hypaque solution (specific gravity of 1.077) and the supernatants were aspirated and frozen at -20 ℃. Cells containing more than 95% neutrophils were suspended in Hank' s balanced salt solution (HBSS) with 0.4% of bovine serum albumin (BSA) at the concentration of 1×10 6 cells/mL. Polycarbonate filter with 5-m pore size (Osmonics, Livermore, CA, U.S.A.) was topped over chemotaxin followed by distribution of neutrophil suspension. The chamber was incubated for 90 min at 37℃ in a humidified incubator containing 5% CO2.
Thereafter, the filter was removed, fixed in 100% methanol, and subsequently stained with Diff Quick stain solution. The number of neutrophils, which migrated through the filter, was determined microscopically at 40× objectives. Five fields were counted per well and the experiments were conducted in quadruplicate. The results were expressed as the mean of the number of migrated neutrophils per field in each sample. Opsonized serum was used in the positive control and HBSS with BSA in the negative control.
Measurement of serum histamine level
Serum was diluted 1/10 with distilled water and was analyzed immediately. Serum histamine was measured using Astoria TM Histamine Analyzer 300 system (Astoria-Pacific international, U.S.A.) with the automated fluorometric procedure as described by Siraganian (13) . The chemistry was separated into two phases: extraction step to eliminate interference from var- ious histamine-related compounds, including Spermine, Nacetylhistamine, Histidine and Serotonin; and in condensation step, histamine was reduced with the O-phthalaldehyde reagent at an alkaline pH 12.4-12.7. The reaction reached maximum fluorescence after 4 min and then acidified to produce a stable fluorescent complex. The fluorescence was determined using a fluorometer.
Statistical analysis
The Wilcoxon-signed rank tests, and Mann-Whitney U-test were applied using SPSS version 7.0 (Chicago, IL, U.S.A.) to evaluate the statistical differences between the data. A p-value of 0.05 or less was regarded as significant.
RESULTS
Changes of serum neutrophil chemotactic activity during the L-ASA BPT Sera from groups I and II were collected at 0 (before the challenge test), 30 and 240 min after the L-ASA BPT. Fig. 1 shows the changes of serum NCA in group I and group II subjects. All the subjects of group I showed similar changing patterns: serum NCA significantly increased (p=0.02) and peaked at 30 min after the L-ASA inhalation, and thereafter decreased at 240 min (p=0.02). When the changes of serum NCA were compared in six subjects with dual asthmatic response (group II), there were significant increases of serum NCA at 30 min (p= 0.04) after L-ASA inhalation, and they tended to increase further up to 240 min, but no statistical significance was reached (p=0.13). However, NCA collected at 240 min was significantly higher than that collected before the challenges in group II patients (p=0.02).
Comparison of serum NCA between group I and group II Fig. 2 demonstrates serum NCA at each time point between groups II and I. Serum NCAs collected before and those at 240 min were significantly higher in group II than in group I (p<0.05, respectively), but no statistical significance was noted in 30 min-samples (p>0.05).
Changes of serum histamine level during L-ASA BPT in both groups Fig. 3 shows the changes of serum histamine level during L-ASA BPT in group I and group II. There were no significant changes in histamine level in both group I and group II during L-ASA BPT (p>0.05, respectively). There were no significant correlations between serum NCA and histamine level at each time point (data not shown).
Effect of anti-IL-8 antibody in serum neutrophil chemotactic activity
In order to evaluate the effect of anti-IL-8 antibody on serum NCA, sera from two subjects of group I, which had been collected at 30 min after the L-ASA challenges, and sera from two subjects of group II, which were collected at 240 min after L-ASA BPT, were used. Each serum was pre-incubated with an equal volume of anti-IL-8 antibody, and then NCA was measured as described in the above. Pre-incubation of anti-IL-8 antibody (10 g, R&D, Minn., U.S.A.) did not affect the enhanced NCA in either group I or group II as shown in Table 2 .
DISCUSSION
Although the pathogenic mechanism of ASA-induced asthma still remains to be further clarified, there has been some evidence indicating mast cell activation after L-ASA inhalations (9, 10) . Increased levels of tryptase, histamine, and cysteinyl-leukotrienes after nasal challenge of L-ASA were noted in nasal lavage fluid of ASA-sensitive asthma and significant increases of urinary PGD2 and 9 11 -PGF2 were noted after L-ASA BPT. One report showed increased NCA after oral ASA challenges (14) . In this study, we compared changes of serum NCA between early and dual asthmatic responders after the L-ASA BPT. The presence of NCA has been demonstrated in sera of individuals with asthma after provocation with allergens (15, 16) or non-specific stimuli such as exercise (17) . The origin of these activities is still elusive, although some indirect data would indicate mast cells as the origin in the case of heat-stable activity, and monocyte/macrophage for the heatlabile one (15, 16) , since the time course for the occurrence of serum heat-labile activity is clearly different from that of the heat-stable one. The latter activity showed a quick rise coinciding with or preceding early reduction of FEV1, whereas heat-labile activity was demonstrated following a second peak, which coincided with the late asthmatic response (17) . In this study, L-ASA itself did not have NCA. Group I subjects had a peak of NCA at 30 min after inhalation challenge, followed by a significant decrease in activity at 240 min. In this study, on the basis of the time course, we speculated that NCA, found during early asthmatic responses induced by L-ASA inhalation, may have originated from mast cells, but further studies are needed to characterize NCA released after L-ASA inhalation. These findings could support the evidence of mast cell activation occurring in early asthmatic response after L-ASA inhalation reported by Fisher et al. (13) . In this study, enhanced NCA was also noted during late asthmatic response induced by L-ASA inhalation. In group II subjects, NCA collected at 240 min was significantly higher than the baseline value and, NCA of group II subjects at 240 min was significantly higher than that of group I subjects. Based upon the time sequence, enhanced NCA at 240 min after L-ASA inhalation found in this study may have been derived from mononuclear cells.
Recently, several studies supporting evidence of neutrophil involvement in the pathogenesis of bronchial asthma have been reported. Inhalation of grain dust was found to induce increased neutrophil infiltration and enhanced serum NCA to grain dust (10) . In vitro studies revealed the release of substances presenting NCA by bronchial epithelial cells in response to grain dust (18) . In the case of toluene diisocyanate (TDI)-induced asthma, neutrophilia in bronchoalveolar lavage fluid had been noted in subjects with late asthmatic reactions induced by isocyanate challenge test (19) and myeloperoxidase (MPO) level representing neutrophil activation was increased after TDI bronchial challenges with concordant increase of IL-8 in the induced sputum of TDI-induced asthma (20) . In patients with severe asthma and those with a history of status asthmaticus, neutrophil activation was noted in airway mucosa (21, 22) . Not only as mere terminal effector cells, neutrophils can also affect other cells by releasing various cytokines (23, 24) . In this study, serum NCA was increased during early asthmatic responses and increased further during late asthmatic response. We also observed the effect of anti-IL-8 on NCA, as IL-8 is the key chemokine to induce neutrophil activation and migration. In this study, pre-incubation of anti-IL-8 antibody did not affect NCAs in both early and late asthmatic responders. Further studies will be needed to clarify the role of neutrophil during ASA-induced asthmatic responses.
Histamine has been known as one of the major chemical mediators from mast cells/basophils and not from other inflammatory cells. In this study, to confirm the role of mast cell/ basophil activation during late asthmatic responses as well as early asthmatic responses after L-ASA inhalation, we compared serum histamine level between early and dual asthmatic responses. There were no significant changes in histamine level in either groups. Although the serum histamine level may be used to represent an indirect marker of basophil activation, it has very low sensitivity since circulating histamine is too remote from the target tissues of asthmatic airway. These findings suggest that the possibility of basophil activation during late asthmatic responses is very low.
In conclusion, NCA derived from mast cell may contribute to the development of early asthmatic response induced by L-ASA inhalation. There may be a possible involvement of enhanced NCA derived from mononuclear cells during late asthmatic response induced by L-ASA inhalation.
